Eddy covariance measurements were carried out at the Wetzstein site in Thuringia, Germany since December 2001. Soon after the start of the measurements night-time fluxes well above average CO 2 -fluxes measured in temperate forest ecosystems were detected which could not be explained by biological processes but were valid with respect to standard quality criteria. The Wetzstein site is part of the CarboEurope-IP flux-network and the CO 2 -exchange of this spruce forest is of general ecological interest as the site is typical for central European spruce forest ecosystems at mountainous elevation. Additional investigations were made in order to identify the causes for the large difference between the flux balance and the inventory based NEP. Specific weather patterns and micrometeorological situations were identified during which a decoupling of the flows above and below the canopy leads to additional CO 2 -effluxes at the tower site which are not part of the net ecosystem exchange (NEE) at night. Rejecting data from these periods and gap-filling thereafter results in yearly sums of NEE, GPP and TER which are in better agreement with the biometric measurements at the tower site and comparable to other spruce forest sites. In this process ecosystem respiration was determined not only from extrapolation of nighttime data but also from flux partitioning based on day-time data using the hyperbolic light response function. It can be shown that flux measurements at this complex site need to be treated in a modified procedure compared to what is generally performed, namely extrapolating ecosystem respiration from night-time data. Using multiple data sources and applying a careful filtering of the data, confidence in the estimates of the carbon balance components increased.
Treatment and assessment of the CO 2 -exchange at a complex forest site in Thuringia, Germany 
Introduction
The exchange of carbon dioxide between ecosystems and the atmosphere is an important component of the global carbon cycle, with forests contributing to about 50% to the net amount of carbon fixed in terrestrial vegetation (Grace, 2005) . The growth rates of forests are known to be increasing (Nemani et al., 2003; Schulze, 2006) . Thus ecological research is interested in continuous monitoring of the carbon exchange of forests to identify carbon budgets and their trends worldwide . The eddy covariance technique is the most established tool for deriving the long-term balance of net ecosystem exchange of CO 2 (NEE) since the seminal dataset at Harvard Forest in the early 1990s (Wofsy et al., 1993) . With the eddy flux approach source areas ranging between a hundred meters and several kilometers are sampled in situ and without any disturbance so that interrelations between CO 2 -exchange and climatic factors can be elucidated (Baldocchi, 2003) . But the accuracy of this method is only true over flat, homogenous surfaces as certain assumptions have to be made (Kaimal and Finnigan, 1994) . However, forest ecosystems are often located in hilly and patchy regions where these assumptions cannot be met. This is the case for the Wetzstein site in Thuringia, Germany which has a complex topography with the measuring tower on the top of a crest (Fig. 1) . Quality tests such as presented by Foken and Wichura (1996) can help to identify situations when environmental conditions do not fulfil the requirements needed for fully developed turbulence.
Usually it has been reported that nocturnal carbon efflux is underestimated by the eddy covariance technique during calm and stable nights even if including the change in storage of CO 2 below the flux sensors (Goulden et al" 1996; Aubinet et al" 2000; Miller et al., 2004 ) which has to be added to the turbulent fluxes if measuring above tall vegetation because of insufficient vertical mixing in the canopy space. At the Wetzstein site night-time fluxes of CO 2 showed a very anomalous behaviour with half-hourly values up to about 20 µmol m -2 s -1 or higher often lasting several hours during nights, as reported by Anthoni et al. (2004) , albeit having applied restrictive quality tests (Foken and Wichura, 1996) . Nocturnal NEE does not level off if plotted against the friction velocity u*. A similar behaviour of night-time fluxes had also been reported by Van Gorsel et al. (2007) for a temperate Eucalyptus forest in southeast Australia. The apparent flux balance is close to zero for this young Eucalypt forest stand which shows maximum rates of growth. Venting anomalies with extreme CO 2 -fluxes were also reported by Cook et al. (2004) with even higher CO 2 -fluxes of up to 80 µmol m -2 s -1 indicating transport of pooled CO 2 to their flux measuring system. (marked with a1, a2, ...) . Zeri (2008) investigated the occurrence of high nocturnal fluxes of CO 2 at this site and found that they were associated with southwest winds (the main wind direction at the site), neutral stratification and high values of u*, as shown in Fig. 2 . Additionally, the analysis of wind directions measured at the main tower at the hillcrest and at the slope tower revealed that the above-and below-canopy flows were not always coupled. For the hillcrest, the coupling of wind direction above and below the canopy for different classes of friction velocity (u*) and stratification regime (ζ = (z-d)/L, with z: measuring height, d: displacement height, I: Obukhov-length) revealed the existence of wind shear below the canopy. The decoupling was observed for south-west winds when u* was higher than approximately 0.5 ms _1 and the surface layer was neutrally stratified, the same conditions associated with the unusually high nocturnal fluxes. The sub-canopy wind directions (1.5 m) varied between 200° and 300° when the wind direction at 30 m was approximately 240° (Zeri et al., 2010) . The wind shear was most probably caused by the sub-canopy flow following the easiest way downhill, given that the tower is located near the edge of the plateau. Wind shear was also observed at the slope tower for south-west winds, as the sub-canopy flow follows the slope.
Fig
With the establishment of several additional measurements in the surrounding of the main flux tower and an extensive 3D-advection experiment (Feigenwinter et al., 2008) we tried to detect possible influences of advective contributions to the fluxes which might explain the unusual fluxes measured by the eddy covariance technique at the Wetzstein site. Results of the experiment performed at the Wetzstein site are discussed in detail in Zeri et al. (2010) , Aubinet et al. (2010) and Feigenwinter et al. (2008) . Main findings of the advection experiment were that measured advective fluxes cannot be directly used to determine NEE on a half-hourly basis because of their large scatter. On average vertical as well as horizontal advection values were low even though specific wind sectors and micrometeorological conditions could be pointed out where advective fluxes reached considerable values (Feigenwinter et al., 2008) . These conditions occur usually for cross-ridge wind directions at the site, which however are comparably rare (about 11%).
The difficulty to apply advective fluxes for the determination of NEE leads to the question whether it is possible to ascertain reliable estimates of annual carbon exchange rates despite the complexity of a site, and if derived procedures may be applicable to other sites situated in complex terrain.
Materials and methods

Site description
The research site Wetzstein is located in Thuringia, a state of the Federal Republic of Germany, near the village Lehesten on a plateau in a mountain range (50°27'N, 11°27'E, 785 m a.s.l.). The ridge is oriented approximately to north-northeast with steep slopes to the ESE and WNW. The main tree species at the site is an even aged Norway spruce (Picea abies) plantation, about 22 m tall with a stand age of ~50 years ( A good fetch of 1-2 km exists in almost all wind directions. About 1 km from the tower to the south is a cleared area about 0.5 km 2 in size. According to the footprint modelling this clearing affects the measurements only under stable atmospheric conditions. Overall, in 90% of all half-hour footprint model calculations the fluxes contributed from areas with at least 80% spruce coverage as determined by an updated site evaluation with a Lagrangian stochastic footprint model combined with a quality assessment (Göckede et al., 2008) . Only for a narrow wind sector around 110° flux data were rated 3-7 (intermediate quality concerning stationarity and integral turbulence characteristics according to Foken and Wichura, 1996) during stable to neutral stratification. This reduced quality can most probably be attributed to flow distortion induced by the instrumentation setup. The impact on the overall site performance is minor because the wind is blowing from the sector between 105° and 115° for less than 1.8% of the flux data.
Measurement system
Turbulent fluxes of momentum, sensible and latent heat and carbon dioxide were measured with the eddy covariance technique (Aubinet et al., 2000) , using a research grade sonic anemometer (model 1210R3, Gill Instruments, Lymington, UK) and an infrared gas analyzer (IRGA) model LI6262 or LI7000 (LiCor Inc., Lincoln, NE, USA) operated in absolute mode. Air from the immediate vicinity of the sonic was drawn through a sampling tube (inner diameter 4.1 mm) and two aerosol filters, one at the inlet and one before the analyzer and pushed through the IRGA with a membrane pump. The flow rate was controlled at about 8 1 min -1 , which should provide turbulent airflow in the tubing (Reynolds number of about 2700) to minimize frequency losses and prevent the formation of condensation in the tubing. Until 2004 the tubing length was about 30 m with the analyzer placed in a hut close to the tower base. In 2004 an additional analyzer was installed almost on top of the tower which allowed to reduce the tubing length to about 5 m and thus minimizing the influence of vapour pressure deficit on H 2O time lags. After an overlapping period of about 3 months from August to November with two analyzers running in parallel, confidence about the reliability of CO 2 -and H 2 O-fluxes measured by the analyzer with comparably short tubing could be achieved. (Kolle and Rebmann, 2007) was used for data-acquisition, online calculation of the fluxes and for post-processing (see Section 2.4). Additional meteorological measurements were sampled and stored with a CR23X data logger and connected AM416 signal multiplexers (Campbell Scientific, Logan, UT, USA). At the top of the tower, air temperature and relative humidity were measured with a humidity/temperature probe HMP35D (Vaisala, Helsinki, Finland), wind speed and direction with a cup anemometer and a wind vane (model A100R and W200P, Vector Instruments, Denbighshire, UK) and additionally with a heated 2D-ultrasonic anemometer (Adolf Thiess GmbH, Göttingen, Germany CO 2 -concentrations were measured sequentially at 9 levels (0.1, 0.3,1.0, 2.0, 5.0, 9.0,15.0, 23.8 and 30 m) at the tower with an infrared gas analyzer (LI6262 or LI6251, LiCor Inc., Lincoln, NE, USA). Air is drawn through equal length tubes and concentrations are measured after sufficient time of purging. Each level is measured once within 10 min. The gas analyzers were calibrated manually once a week with calibrated gases. From these measurements storage fluxes of CO 2 below the flux measurement level were determined as the time change of an integrated spline function through the CO 2 profile measurements.
Fig. 2. Frequency of occurrence of high night-time fluxes in 2006 depending on wind direction (a), friction velocity (b), and atmospheric stability ζ (c). NEE sorted into 3 classes
Additional measurements
In order to get further insight into transport processes at the site, additional measurements were established in the surrounding of the main tower.
• ADVEX-campaign: From April 10th until June 19th, 2006 the ADVEX-campaign was running at the Wetzstein site (Feigen-winter et al., 2008) . Four additional towers (A-D) around the main tower were equipped with instrumentation for the measurements of [CO 2 ], air temperatures (T) and wind components (u, v, w) at 4 levels (1.5, 4.4, 8.8 and 24 m). On tower C (south-west corner of the square, see Fig. 1 ) an additional eddy covariance system was mounted on top at 29.4 m height (sonic anemometer model 1210R3, Gill Instruments, Lymington, UK; gas analyzer: LI7500, LiCor Inc., Lincoln, NE, USA). Additionally [CO 2 ] and Γ have been measured in a crosswise transect between the towers at 1.5 m height. Details concerning measuring devices and data-acquisition are given in Feigenwinter et al. (2008) .
• Measurements at the slope of the hill: Along a line south-west from the main tower (the prevailing wind direction) CO 2 -concentrations (carbon dioxide probes, GMP343, Vaisala, Helsinki, Finland), air temperatures (Campbell, thermistor Type 107, Campbell Scientific, Logan, UT, USA) and horizontal wind components (2D-ultrasonic anemometers, Thies Type 4.3800.00.140, Germany) were measured at 4 additional points below the canopy in 2 m height (triangles named 'small towers', one at the slope tower, ST, see Fig. 1 ). In about 1 km distance south-west from the main tower an additional tower (slope tower, ST) was equipped with eddy covariance measurements on top (35 m), basic meteorological measurements (air temperature in 2 m height, short-wave, long-wave and total radiation components), and sonic anemometers in 2 and 8.5 m. Fluxes were acquired and processed as described above and in the next section.
Post-processing and treatment of eddy covariance data
For the post-processing of the eddy covariance data the software tools of EDDYSOFT (Kolle and Rebmann, 2007) were used. To achieve high quality CO 2 -fluxes we checked the time series with several objective quality criteria: the raw data were checked for spikes and unrealistic change rates in the time series of single values with a procedure similar to those described in Vickers and Mahrt (1997) . Half-hourly flux averages were discarded when spikes and change rates in the single time series occurred more often than pre-set thresholds. These thresholds were determined with the help of frequency distributions for the respective parameters. The planar fit technique (Wilczak et al., 2001 ) was applied sector wise (12 sectors) separate for periods with and without snow cover to above canopy eddy covariance data. Periods with very low wind velocities (<0.05ms -1 ) were discarded for this purpose.
As the air is drawn through tubing before CO 2 -and H 2 O-concentrations are measured, the time needed to travel down the tubing has to be determined. This is done by optimizing the correlation coefficient between [CO 2 ]' and [H 2 O]' and the vertical wind velocity w' (primes denote deviations from the mean) (McMillen, 1988) . It turned out that CO 2 lags are usually very stable, but H 2 O-lags are strongly depending on vapour pressure deficits of the air and contamination of the filters and tubing. The dependency of H 2 O-lags on vapour pressure deficits is thus considered when lag times are used for flux calculations later on.
Spectral dampening of the high frequency signals is mainly caused by an insufficient time resolution of the gas analyzer but also for example by dampening of the signals while passing through the tubing, or by the sensor separation of the gas analyzer and the sonic anemometer. These combined effects can be treated with a spectral correction model according to Eugster and Senn (1995 Fluxes of momentum, sensible and latent heat and carbon dioxide are calculated with established formulations (Aubinet et al., 2000; Baldocchi, 2003) as half-hourly averages. Half-hourly flux data deviating more than 30% from the stationarity test according to Foken and Wichura (1996) are further excluded. The change in CO 2 -storage below the measurement level is added to the turbulent fluxes to get the net ecosystem exchange (NEE) of CO 2 .
Data screening
Night-time flux data at the site are most crucial because they are possibly influenced by drainage flows. Such frequent occurrence of high night-time net ecosystem CO 2 -fluxes measured by the eddy covariance system at the Wetzstein site were obviously not caused by respiration of the soil and biomass which makes the partitioning of NEE into gross primary production (GPP) and total ecosystem respiration (TER) uncertain. Therefore night-time data were carefully pre-selected. Unrealistic high night-time CO 2 -fluxes (NEE, turbulent flux plus storage flux) can clearly be attributed to specific micrometeorological weather patterns. As a threshold we investigated CO 2 -fluxes >5 µmol m -2 s -1 . Such high CO 2 -fluxes develop mainly for wind directions from southwest with 67% of half-hourly CO 2 -fluxes >5 µmol m -2 s -1 between 200° and 280° ( Fig. 2a) , for strong turbulent mixing with 93% of high CO 2 -fluxes occurring for friction velocities u* > 0.4 m s -1 (Fig. 2b) , and neutral atmospheric stratification with 84% of CO 2 -fluxes larger than 5 µmol m -2 s -1 occurring for -0.05 < ζ < 0.05 (Fig. 2c) . These features indicate upwind transport of enriched air which was pooled in the valley because of drainage. Night-time fluxes for these specific situations were discarded so that a reduced data set was used as basis for the gap-filling and partitioning procedure to avoid biases in TER caused by unrealistic flux data.
Determination of annual sums of NEE, GPP and TER
Annual sums of NEE were derived with the help of different gap-filling tools. The online tool by has been proven to be the most successful together with neural networks (Moffat et al., 2007) .
As an independent estimate of TER, day-time CO 2 -fluxes were used to determine night-time fluxes independent of the night-time CO 2 -flux observations (Lasslop et al., 2009) . The day-time data based estimates of TER and GPP are determined by using a rectangular hyperbolic light response curve (Ruimy et al., 1995) extended with the Lloyd and Taylor model (Lloyd and Taylor, 1994) to account for the temperature dependency of respiration, and with a VPD limitation of photosynthesis (called HBLR-method hereafter). Parameters were estimated every 2 days to account for seasonality. Only the temperature sensitivity of the respiration model was estimated using night-time data with a data window of 12 days. The parameter that determines the flux magnitude, the base respiration, and the parameters for the photosynthesis are estimated with a 4 days window of day-time data. Respiration is extrapolated into the night using night-time temperature measurements. The partitioning into both flux components (TER and GPP) is thus independent of the possibly biased eddy covariance night-time data.
Stem growth measurements
Stem increment data were assimilated from different growth studies carried out in the tower area. The tree cores were taken with an increment borer (5 mm in diameter, SUUNTO, Finland), air dried, fixed and cut for tree-ring analysis. Tree-ring widths were measured using the semiautomatic device LINTAB-III Digital Linear Table ( 410-1/100-HF-130, Frank Rinn Distribution, Heidelberg, Germany, Rinn 1996) , and the software TSAP-Win (Professional Version 0.55). Diameter increments were then calculated backwards from the diameter at time of sampling (end of 2003) and multiplying the measured annual ring width by two.
The rope-dendrometers consisted of a steel rope (INVAR steel; thermal elongation coefficient α = 1.6 x 10 -3 K -1 ), a measuring rotary disk and a nonius that allows for a minimum reading precision of 0.003 mm in diameter (construction by W. Ziegler, Max Planck Institute for Biogeochemistry, Jena). The dendrometer tapes were commercially produced Astralon dendrometer tapes (Dl, UMS GmbH, München, Germany, thermal elongation coefficient α = 75 x 10 -6 K -1 ) and had a reading precision of 0.01 mm in diameter. All dendrometers were read manually every 4 weeks from April to November.
To minimize the influence of tree size on annual diameter increment we normalized the diameter increment to individual tree size (relative diameter increment, RDI).
Results
Day-time fluxes related to environmental parameters
Day-time fluxes of CO 2 behave as expected at the site. This can be seen by investigating the factors α (ecosystem quantum yield), FC 2 ooo (net CO 2 -uptake at a photosynthetic photon flux density PPFD equal to 2000 µmol m -2 s -1 ) and R day (day-time ecosystem respiration), respectively of the Michaelis-Menten equation for fluxes measured under positive incoming radiation conditions according to Eq. A.9 in Falge et al. (2001 ) . Yearly courses of the three parameters derived from weighted least-square regression analysis (Lasslop et al., 2008) in general show lowest values in spring, maxima in summer and slightly lower values in autumn (Fig. 3) , reflecting mainly the seasonal course of temperature and to a lesser extend the phenology of the canopy development. During the dry year of 2003 (Ciais et al., 2005 ) uptake of CO 2 was significantly reduced during the summer months compared to the other years as reflected by FC 2ooo -values (open circles in Fig. 3b) . A slight recovery of net CO 2 -uptake can be detected in September of the respective year. R day consistently declined during the summer months of 2003, starting with a highest respiration rate occurring in May (6.7 µmol m -2 s -1 ) up to a minimum of about 4.1 µmol rrr 2 s _1 in August and September. In 2006, July was hot and dry (T av july : 20.0 °C, VPD av,July : 10.2 hPa), provoking a very low value of FC 2ooo for this period (13.1 µmol m -2 s -1 ) determined from data measured at the main tower. Compared to this value the reduction is less pronounced but also obvious (16.9 µmol m -2 s -1 ) at the slope tower (ST), probably because of buffering soil moisture conditions in the valley. In contrast, August 2006 was moist (VPD av August : 2.3 hPa) with temperatures below average (T av,August : 11.9 °C). Thus the spruce trees could benefit and recover with a higher net uptake of CO 2 , resulting in an average uptake value of 27.8 µmol m -2 s -1 at the main tower and 27.1 µmol m -2 s -1 at the slope tower, respectively. This value was the highest determined throughout the study period at the Wetzstein site and is confirmed by the slope tower measurements.
The three parameters α, FC 2000 and R day have their maxima in the temperature range 10-15 °C and for vapour pressure deficits below 10 hPa, reflecting the adaptation to the comparably low temperatures and moist conditions in this mountainous region. 
Gap-filling and partitioning
Different gap-filling methods were applied on the data sets as described above. If using all high quality halfhourly fluxes as basis for the gap-filling procedure (Table 1 , NEE ori data ). After the pre-selection of data with regard to venting events that cause unrealistic high fluxes under specific meteorological conditions, annual sums of NEE range from -63 g C m -2 in 2006 to -246 g C m -2 (Table 1 , NEE selected data ). The range of yearly NEE sums is -96 g C m -2 in 2006 to -220 g C m -2 in 2007 determined with the HBLR-method (Table 1 , NEE HBLR )· Thus the highest net uptake occurs in different years (Table 1 and Fig. 4 ) when using different methods for determining the annual flux. This can partly be explained by climatic conditions such as the dry summer of 2003 with frequent occurrence of high-pressure situations and winds from easterly directions resulting in less frequent situations (16% of half-hourly fluxes) when high CO 2 -flux situations could be assigned and fluxes were gap-filled. But the distribution of these situations over the year has an even bigger influence on resultingannual sums after gap-filling. During the growing season in June and July 2006 (including partly the period during which the ADVEX experiment was running at the site) comparably few data (3% in 2006 compared to almost 20% in 2007) had to be discarded due to the criteria determined as above explained. This is similar in 2003 when during the same summer period only 8% of the half-hourly data had to be discarded. For both of these years the estimates of annual sums of NEE with different gap-filling procedures are more similar as compared to the other years indicating their sensitivity to the gap-filling procedure applied especially during the growing season. The partitioning of NEE in its components gross primary production GPP and total ecosystem respiration TER shows that each of the components is larger if determined with the night-time data independent HBLR-method except for the year 2006 (Fig. 4) . On average gross uptake by the ecosystem is 60 g C m -2 higher, but also ecosystem respiration is higher (about 80 g C m -2
). This can also be seen when comparing the cumulative curves for NEE, GPP and TER on an annual basis for [2003] [2004] [2005] [2006] [2007] . The largest difference in annual net carbon uptake between the two methods 'classical gap-filling' and HBLR-method of about 100 g C m -2 occurred in 2005, a "normal" year with respect to climatological conditions and a more evenly distributed number of data to be gapfilled.
Comparison of flux data with biometric measurements
With the help of the partitioning of soil respiration into autotrophic and heterotrophic components (F. Moyano, personal communication) we can get an estimate of NPP which can be compared with stem increment data measured in the footprint area of the main tower (Fig. 5) . Soil respiration accounts for about 50% of TER with about 42% of which is the heterotrophic contribution. From this we can see that the course of NPP determined from eddy covariance data correlates clearly with the stem increment as a biometric measure of NPP, even though NPP determined from the eddy covariance data is still lower than one would expect for spruce ecosystems in this area (Grünwald and Bernhofer, 2007; Lindroth et al., 2008) and of this age class. The method of pre-selection of data according to Fig. 2 is also supported by this comparison. Differences between the methods for the year 2002 may be explained by comparably large data gaps at the beginning of the year which introduces a higher uncertainty with the common gap-filling procedure. In 2006 the lower reduction in stem growth compared to the other NPP estimates may be explained by an extraordinarily dry july followed by a rainy August. In July, when spruce trees are usually still in the main phase of stem growth (intra-annual data are not shown in detail), high vapour pressure deficit and low soil water availability reduced carbon uptake by photosynthesis as well as stem growth substantially. In August, low incoming radiation (50% lower than in July 2006, 25% lower than the average of 2002-2007) also reduced photosynthesis and growth, but the main growth phase of stem growth was already finished in August so that the net effect on annual stem growth was much lower than the net effect on annual carbon uptake reflected by the flux data and the HBLR-method. The contrary CO 2 -uptake values in July (low FC 2ooo ) and August (high FC 2ooo . Fig. 3 ) seem to balance each other, but these potential physiological states were overridden by the actual distribution of radiation income. In July, the high radiation income could not be used for carbon uptake due to dry weather conditions, and thus low FC 2ooo· In August, the high FC 2000 of 27.8 µmol m -2 s -1 (Section 3.2) was useless for the trees due to low radiation income.
Conclusions
The analysis of the parameters α, FC 20oo and R day shows that day-time fluxes measured at the Wetzstein site behave comparable to similar ecosystems (Rebmann, 2004; Grünwald and Bernhofer, 2007) and are most likely not biased by mesoscale transport effects.
The occurrence of unrealistic high night-time fluxes could be attributed to very specific situations when CO 2 is transported uphill due to a decoupling of the above and below-canopy flows similar as observed by Cook et al. (2004) . These unrealistically high night-time fluxes have to be discarded and gap-filled to get reliable annual sums for NEE, GPP and TER, respectively. Since night-time fluxes which are left in the time series may still be influenced by drainage effects below a level that leads to their discarding, and for which it remains unknown if they are measured correctly, an additional method was applied for gap-filling: TER and GPP were determined only with day-time data based on a rectangular hyperbolic light response curve taking into account effects of VPD (HBLR-method). From these estimates TER on average was larger than when determined with the common gap-filling and partitioning method applied on a pre-selected data set. This may be a hint that the criteria for the selection of possibly biased CO 2 -fluxes are too conservative so that a larger percentage of originally measured fluxes could be used for the determination of annual sums. Inter-annual variations of NEE are smaller for the results of the HBLR-method as can be seen from Fig. 4 and Table 1 .
In summary it becomes obvious from the results presented here and in Zeri et al. (2010) and Aubinet et al. (2010) that eddy covariance sites in complex terrain need to be treated with special care. It has to be checked whether drainage and addition of CO 2 occurs at a site and how one can deal with these additional fluxes if reliable sums for net ecosystem exchange of CO 2 have to be determined. As many forest flux sites are established in complex terrain, similar procedures may have to be applied to other flux sites around the globe.
